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Description 
MULTI -SUBSTRATE CIRCUIT ASSEMBLY 

Background of Invention 
Field of The Invention 

[0001] The present invention generally relates to substrate mate- 
rials and processes suitable for use in electronic systems. 
More particularly, this invention relates to a multi- 
substrate circuit assembly capable of exhibiting enhanced 
electrical and thermal performance, particularly for pur- 
poses of improving thermal management of power circuit 
devices. 

Description of The Related Art 

[0002] a variety of approaches are known for dissipating heat 
generated by high-power integrated circuit (IC) devices. 
Power IC devices mounted to organic substrates such as a 
printed circuit board (PCB) can be in the form of a plated 
through-hole (PTH) package attached to a heat rail. A 
drawback of this approach is the use of PTH packages in- 
stead of the more desirable SMT (Surface Mount Technol- 



ogy) packages. This approach also requires the added as- 
sembly steps required to attach a heat rail, which are not 
easily automated and add significantly to product height. 
A thermal management method for SMT packages on or- 
ganic substrates involves the use of thermal vias that con- 
duct heat through the substrate to a heatsink. However, 
this approach has limited thermal capability since organic 
substrates are poor thermal conductors that can only be 
minimally enhanced with thermal vias. In contrast to PTH 
and SMT packages, whose package exteriors include ther- 
mal-insulating plastic that inhibits heat conduction di- 
rectly through the package wall, enhanced thermal man- 
agement of high-power IC flip chips mounted to PCB's has 
been achieved with heat-conductive pedestals in direct 
thermal contact with a surface of the device. Notable ex- 
amples of this approach are disclosed in commonly-as- 
signed U.S. Patent Nos. 6,180,436 and 6,365,964 to Koors 
et al., which disclose pedestals that contact the non-active 
backside surface of a chip opposite the solder connections 
that attach the chip to the substrate. However, this and 
the preceding solutions preclude dual-sided heat sinking 
due to the organic layers of the substrate. 
[0003] [0003] Ceramic materials such as beryllia (BeO), alumina (Al 



Op and others have higher coefficients of thermal con- 
ductivity than organic substrates, and are therefore more 
often the substrate materials of choice for high-power IC 
chips. Because organic substrates offer excellent cost and 
conductor density benefits compared to ceramics, appli- 
cations in which power IC devices are mounted to a ce- 
ramic substrate often include a PCB wire-bonded to the 
ceramic substrate to handle high-density routing require- 
ments. However, this solution requires the more expen- 
sive serial process of wire-bonding. Furthermore, wire- 
bonds have assembly yield losses, current density issues, 
and adversely impact the critical electrical performance 
parameters of resistance and inductance. Finally, this ap- 
proach is also limited by the inability to use dual-sided 
heat sinking because of the wire-bonds present on the 
surface of the power IC chip. 
[0004] [0004] In view of the above, improvements in thermal 

management of power IC's would be desirable. 
Summary of Invention 

[0005] The present invention provides an approach for thermally 
managing high-power IC devices through the use of more 
then one type of substrate in order to take advantage of 
the better thermal capabilities of ceramic substrate mate- 



rials and the better conductor densities and cost advan- 
tages of organic substrate materials. The approach also 
makes possible the use of dual-sided heat sinking and in- 
tegrated solderless connections. 

[0006] [0006] According to the invention, a circuit assembly is 
provided comprising a ceramic substrate and an organic 
substrate. The ceramic substrate has at least one circuit 
component on a first surface thereof and a periphery 
defining a lateral surface surrounding the first surface. 
The organic substrate also comprises a first surface and a 
periphery defining a lateral surface surrounding the first 
surface. A portion of the lateral surface of the organic 
substrate is adjacent a portion of the lateral surface of the 
ceramic substrate so as to define an interface therebe- 
tween. Finally, at least one conductor common to both the 
ceramic and organic substrates and bridging the interface 
therebetween serves to physically connect the ceramic and 
organic substrates together. 

[0007] [0007] In view of the above, the present invention presents 
an alternative to typical methods of achieving desired 
conductor routing densities for high pin count devices and 
heat dissipation for power devices. To realize the benefits 
of organic and ceramic substrates in the same electronic 



assembly, the two substrates are combined with an inte- 
gral connection scheme that makes use of the one or 
more common conductors of various possible configura- 
tions. For example, the common conductors may be con- 
ductors of the ceramic substrate that have been laminated 
into the organic substrate and overlap conductors of the 
organic substrate. Alternatively, the organic substrate can 
be processed to have a PTH (plated through-hole), and a 
common conductor can form solderless interconnect with 
the PTH. Forming the common conductor and the PTH or 
conductor on the organic substrate of the same material, 
e.g., copper, and with a coefficient of thermal expansion 
(CTE) matched to the substrate makes possible a high- 
performance, high-reliability inter-substrate interconnect. 
[0008] [0008] Another advantage of the invention is the ability to 
employ dual-sided heat sinking of the circuit component 
on the ceramic substrate to facilitate increased power 
densities. At the same time, the organic substrate can be 
employed to handle high-density routing requirements 
and route control signals to circuit component on the ce- 
ramic substrate. High current source and drain conductors 
required by power IC field effect transistors (FETs) can be 
routed exclusively with conductors on the ceramic sub- 



strate. The conductors of the ceramic substrate can be 
extended to the opposite side of the organic substrate to 
provide terminals that can provide a solderless power 
connector interface. 
[0009] [0009] Other objects and advantages of this invention will 
be better appreciated from the following detailed descrip- 
tion. 

Brief Description of Drawings 

[0010] Figure 1 represents a cross-sectional view of a casing 
containing a multiple-substrate assembly in accordance 
with an embodiment of the present invention. 

[0011] [ooil] Figures 2 and 3 represent additional embodiments 
for electrically interconnecting the multiple-substrate as- 
semblies of Figures 1 and 2. 
Detailed Description 

[0012] Figure 1 depicts a circuit assembly 10 containing multiple 
substrates 12 and 14 of different materials in accordance 
with the present invention. More particularly, the sub- 
strates 12 and 14 include a ceramic substrate 12 electri- 
cally and physically coupled to an organic substrate 14 
positioned immediately adjacent and preferably coplanar 
and abutting the ceramic substrate 12, as depicted in Fig- 



ure 1. As a ceramic, the substrate 12 is preferably a 
monolithic structure of beryllia, alumina or another ce- 
ramic such as silicon nitride, etc., having a higher coeffi- 
cient of thermal conductivity than the organic substrate 
14. The organic substrate 14 is generally a printed circuit 
board (PCB) and can be formed of such conventional ma- 
terials as a glass-reinforced or woven fiberglass-rein- 
forced epoxy resin laminate available under the name FR- 
4 from various sources. Processing associated with or- 
ganic laminate construction enables the organic substrate 
14 to have higher conductor routing densities than possi- 
ble with the ceramic substrate 12. 
[0013] [0013] A power chip 16 is shown in Figure 1 as being 
mounted to a surface of the ceramic substrate 12. The 
chip 16 is depicted as a semiconductor die having a 
frontside (lower surface in Figure 1) and an oppositely-dis- 
posed topside (upper surface in Figure 1). The power chip 
16 is mounted to the ceramic substrate 12 by reflow- 
soldering one or more bond pads or other suitable termi- 
nals (not shown) on the frontside of the power chip 16 to 
one or more conductors 18 on the surface of the ceramic 
substrate 12 to yield solder connections 20. The power 
chip 16 may also have circuit elements, e.g., integrated 



circuitry, conductive traces, bond pads, etc. (not shown) 
on its topside which also require electrical connections. 
For this purpose, the chip 16 is shown in Figure 1 as be- 
ing coupled to a heat-conductive structure 22 disclosed in 
commonly-assigned U.S. Patent Application Serial No. 
{Attorney Docket No. DP-308378} to Oman. The heat- 
conductive structure 22 enables and promotes the con- 
duction of heat to the ceramic substrate 12, as well as to a 
heat sink pedestal 24 described in fuller detail below. 

[0014] [0014] A flip chip 26 is also shown in Figure 1 as being 
flip-chip mounted to a surface of the organic substrate 
14, whereby multiple bond pads or other suitable termi- 
nals (not shown) on the chip 26 are reflow soldered to a 
like number of conductors 28 on the surface of the or- 
ganic substrate 14 to yield solder connections 30. The 
chip 26 is also shown as being underfilled with a suitable 
filled polymeric material 32, as is conventionally done in 
the art to promote the thermal cycle life of the solder con- 
nections 30. Finally, the topside of the chip 26 is ther- 
mally coupled to a heat sink pedestal 34 described in 
fuller detail below. 

[0015] [0015] As shown in Figure 1, the assembly 10 includes a 
two-piece casing 36 and 38 (of which only portions are 



shown) that enclose the substrates 12 and 14 and their 
chips 16 and 26. The upper portion 38 of the case 36-38 
is shown as comprising the heat sink pedestals 24 and 34. 
To facilitate manufacturing, the upper portion 38 and its 
pedestals 24 and 34 can be integrally formed as shown, 
such as by molding, stamping or forming a suitable ther- 
mally-conductive material, such as aluminum or another 
material having relatively high thermal conductivity and 
thermal mass. Alternatively, the pedestals 24 and 34 and 
casing portion 38 could be formed separately and of dif- 
ferent materials and then secured together, such as with 
an adhesive, in which case the casing portions 36 and 38 
can be formed of copper or another suitable packaging 
material known in the art. Films 40 and 42 of thermal 
grease, epoxy, etc., are preferably between the pedestals 
24 and 34 and their respective chips 16 and 26. As evi- 
dent from Figure 1, a film 44 of thermal grease, epoxy, 
etc., is also preferably between the ceramic substrate 12 
and the lower casing portion 36, which has an integral 
pedestal 46 that supports the ceramic substrate 12 from 
beneath. An elastomeric pedestal 48 is shown as support- 
ing the organic substrate 14 from beneath and opposite 
the chip 26. 



[0016] [0016] The substrates 12 and 14 are shown in a preferred 
embodiment in which they are substantially coplanar and 
portions of the lateral surfaces 50 and 52 of the sub- 
strates 12 and 14 abut and define an interface therebe- 
tween. According to a preferred aspect of the invention, 
communication between the substrates 12 and 14 and 
their chips 16 and 26 is desired. As a ceramic material, 
the substrate 12 has a higher coefficient of thermal con- 
duction than the organic substrate 14, permitting the 
power chip 16 to generate relatively high power levels, 
such as in excess of five watts. On the other hand, the or- 
ganic substrate 14 is capable of higher routing densities, 
such as for the purpose of routing control signals to the 
power chip 16 on the ceramic substrate 12. In Figure 1, 
communication between the substrates 12 and 14 and 
their chips 16 and 26 is through at least one and prefer- 
ably multiple common conductors 54 (of which one is vis- 
ible in Figure 1), which not only electrically but also physi- 
cally couple the substrates 12 and 14. The conductors 54 
may be conductors formed on the surface of the ceramic 
substrate 12 in accordance with conventional practice, ex- 
cept that they extend beyond the edge 50 of the ceramic 
substrate 12 and are laminated between two of the multi- 



pie dielectric layers of the organic substrate 14. In Figure 
1, the common conductor 54 is preferably formed (e.g., 
plated, bonded, or printed and fired) simultaneously with 
the conductors 18 of the chip 16. 
[0017] [ooi7] Electrical interconnection between the common 

conductors 54 and electrical circuitry on the organic sub- 
strate 14 can be made through various techniques. In Fig- 
ure 1, the organic substrate 14 has been processed to 
have a PTH (plated through-hole) 56. The common con- 
ductor 54 is shown as making a solderless interconnect 
with the PTH 56, through which the power chip 16 is elec- 
trically coupled to a conductor 58 of the organic substrate 
14. Alternatively, Figure 2 shows a common conductor 54 
overlapping and attached with solder 60 to the conductor 
58 of the organic substrate 14. An overmold layer 62 is 
shown in Figure 2 as overlaying the substrates 12 and 14 
to protect the interconnection. Figure 3 shows another al- 
ternative embodiment, in which a common conductor 54 
defines a compliant lead 64 that has been inserted and 
attached with solder 66 to the PTH 56 of Figure 1. As rep- 
resented in Figure 3, the substrates 12 and 14 need not 
be mated at their facing lateral surfaces 50 and 52 be- 
cause of the compliant nature of the lead 64. The compli- 



ant lead 64 can also eliminate any need for overmolding 
the substrates 12 and 14. 

[0018] [0018] Forming the common conductor 54 and the PTH 56 
and/or conductor 58 of the same material, e.g., copper, 
and with a coefficient of thermal expansion (CTE) matched 
to the organic substrate 14 promotes each of the inter- 
connect alternatives of Figures 1, 2 and 3 to yield a high- 
performance, high-reliability interconnect. Depending on 
the type of interconnect, protection of the ceramic sub- 
strate 12 may also be desirable or necessary during pro- 
cessing. For example, the ceramic substrate 12 may be 
protected by a vinyl film during lamination of the organic 
substrate 14 or protected by a conventional photoresist 
material during plating of the PTH 56 and conductor 58. 

[0019] [ooi9] From the above, it can be seen that the present in- 
vention offers a number of advantages. Two particularly 
desirable features of the invention are the ability to opti- 
mize substrate materials for required thermal perfor- 
mance and required electrical performance and routing 
density. As evident from Figure 1, the invention also 
makes possible the use of dual-sided heat sinks (24, 34, 
46 and 48). The invention is also able to reduce stresses 
on the solder joints of the power chip 16 from thermal 



expansion as a result of the ceramic substrate 12 having a 
coefficient of thermal expansion (about 8 ppm/°C for Si 3 N 
) nearer that of the chips 16 and 26 (about 4 ppm/°C for 
silicon) than organic substrates such as FR4 (about 17 
ppm/°C in the circuit (x-y) plane). The capability of mak- 
ing solderless inter-substrate solder connections im- 
proves the quality and reliability of the circuit assembly. 
Finally, the advantages of this invention can be obtained 
using standard assembly processes. 
[0020] [0020] \Nh'\\e the invention has been described in terms of a 
preferred embodiment, it is apparent that other forms 
could be adopted by one skilled in the art. Accordingly, 
the scope of the invention is to be limited only by the fol- 
lowing claims. 



